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Abstract 
Calcium phosphate nanoparticles represent an important object of investigation in the field of biomaterials due to the new 
properties obtainable at nanoscale. In this work calcium phosphate nanoparticles are obtained by laser ablation of hydroxyapatite 
(HA) targets in water and in ambient conditions; on the other hand particles of HA are reduced to nanoscale by laser-induced 
fracture. The results show that nanometric particles of calcium phosphate can be obtained. The morphology and the composition 
of the obtained particles were characterized by scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy 
(EDX) and conventional and high resolution transmission electron microscopy (TEM, HRTEM). 
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1. Motivation / State of the Art 
Nano-scale particles can be used in biomaterials to change materials surface in order to achieve adequate 
response of certain tissues. It has been reported that the use of nanophase biomaterials in bone grafting is more 
beneficial than bulk materials, which leads to better and rapid tissue formation in the bone-implant interface [1-2]. 
According to well known reasons hydroxyapatite (HA), with stoichiometric (Ca10(PO4)6(OH)2 and Ca/P=1,67 is one 
of the most biocompatible materials [3] and is been widely used in biomaterials due its similarities with the mineral 
constituents of bones and teeth, where this material is present as nanometric particles with a platelet shape. On the 
other hand tricalcium phosphate (E-TCP), with the formula Ca3(PO4)2 and calcium to phosphorous ratio of 1.5, 
dissolves more rapidly in the body fluid than crystalline hydroxylapatite [4]. 
 
Diverse and different techniques for producing calcium phosphate nanoparticles have been reported, such as 
microwave irradiation to achieve nanostructured hydroxylapatite [5], templating technique to obtain nano-porous 
hydroxylapatite structure [6], aqueous solution [7], etc. In previous work we obtained calcium phosphate micro and 
nanoparticles from fish bones by laser ablation in ambient conditions [8] and laser-induce fracture [9]. In the present 
study we report the production of calcium phosphate by means of laser ablation technique in water using different 
wavelengths. 
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2. Experimental 
Targets of biological (BHA) and synthetic (SHA) hydroxyapatite were prepared as precursor material to be 
ablated by laser in deionized water. Milled calcined fish bones and HA commercial powder (Sigma Aldrich) were 
pressed to form pellets to be used as targets. Three different lasers operating at 1064, 1075 and 1.060 nm wavelength 
respectively were employed for the synthesis of nanoparticles. The first system used was a pulsed Nd:YAG laser 
delivering a maximum average power of 500 W. The laser beam was coupled to an optical fiber of 400 μm core 
diameter and focused onto the upper surface of the target by means of 80 mm of focal length lens, where the spot 
diameter at normal incidence for a pulsed laser was about 0.2 mm. Other parameters were varied as follows: laser 
pulse width 1–3 ms, frequency 5–10 Hz, and pulse energy 2–8 J. 
 
The second laser system used was a monomode Ytterbium doped fiber laser (YDFL). This laser works in 
continuous wave mode delivering a maximum average power of 200 W. Its high beam quality allowed setting the 
irradiance range between 2 × 105 and 106 W/cm2. The laser beam was coupled to an optical fiber of 50 μm core 
diameter using the same focusing system and processing set up than in the case of the Nd:YAG laser. 
 
The third laser system used was a pulsed CO2 laser (Rofin SCx10) delivering a maximum average power of 
100 W. The laser beam was focused into the solution by means of 120 mm focal length. As the CO2 wavelength is 
highly absorbed by water, the target was kept 1 mm under the upper surface of the water and the power measured at 
the top of the target. 
 
Precursor material was characterized by means of X-ray diffraction (XRD) using a Siemens D-500 equipment 
and by X-Ray Fluorescence (XRF) taken by a Siemens SRS 3000 unit. The obtained colloidal suspensions were 
dropped on copper grids for examination of particle morphology and microstructure. Transmission electron 
microscopy (TEM), selected area electron diffraction (SAED) and high-resolution transmission electron microscopy 
(HRTEM) images were taken on a JEOL-JEM 210 FEG transmission electron microscope equipped with a slow 
digital camera scan, using an accelerating voltage of 200 kV, to reveal their crystalline phases. 
 
The morphology as well as the composition were described by Scanning Electron Microscopy (SEM) using a 
JEOL-JSM-6700F unit. Identification of phases was achieved by comparing the diffraction patterns and distances 
from SAED of samples with ICDD (JCPDS) standards. 
3. Results and Discussion 
The characterization of precursor materials revealed that the composition of biological targets is similar to that of 
the synthetic one, consisting mainly in crystalline HA as can be observed in figure 1. Notwithstanding, the XRF 
analyses revealed that the biological one present some minor elements, such as Mg, Sr, K, etc. which are absent in 
the commercial HA composition. Another difference is related to the Ca/P molar ratio, being higher in the biological 
one, as can be seen from Table 1. These minor elements are typical of biological HA [10]. Taking into account that 
the precursor materials are crystalline (which means that there is no presence of amorphous calcium compounds), 
the high Ca/P molar ratio in the case of biological HA can be due to the presence of carbonates (CO-23) substituting 
for phosphates (PO-34), indicating the presence of a B-type carbonated HA [11]. 
Table 1. Elemental composition of biological HA (BHA) and synthetic HA (SHA) used as targets with their corresponding Ca/P molar ratio. 
Sample        Ca           K           Mg            Na        P           Sr Ca/P (molar) 
BHA 41.80 0.05 0.32 0.57 17.37 0.07 1.86 
SHA 39.97 0.00 0.00 0.54 18.52 0.00 1.76 
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Figure 1. XRD patterns of precursor targets (biological hydroxyapatite, BHA and synthetic hydroxapatite, SHA) compared with stoichiometric 
hydroxyapatite. 
When the laser beam impinges on the hydroxylapatite target its surface undergoes rapid temperature increase and 
different possible processes can take place: material fracturing, melting and/or evaporation. Several parameters 
depending on the laser radiation and the target nature are involved. According to the results obtained with the three 
mentioned lasers, the most influent laser parameter concerning the shape as well as the crystalline nature of particles 
was the irradiance. The use of of the ytterbium fibre laser at an irradiance of 106 W/cm2 lead to the formation of 
particles exhibiting round shape with the predominance of nanometric size together with the presence of some 
micrometric ones, as can be seen in figure 2 (a).  
 
   
a)
   
b)
 
Figure 2. Nano and submicrometric particles obtained by ablating HA targets in deionized water: a) with CW YDFL laser operating at an 
irradiance of 106 W/cm2, b) with CO2 laser at an irradiance of 2.2 .106 W/cm2 
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The use of a CO2 laser at 2.2 .106 W/cm2 lead to the formation of similar particles to that obtained by CW 
Nd:YAG laser, as can be seen from figure 2 (b). This kind of particles is not crystalline. Concerning their 
composition the microanalysis revealed all particles preserve the same composition as precursor material, showing 
that the particles are calcium phosphate compounds, where the Ca/P molar ratio is around 1.5. This decrease of Ca/P 
molar ratio can be due to the transformation of the precursor HA to E-TCP promoted by high temperature as 
reported by other authors when enamel is treated with laser [12,13]. 
 
According to the collected material under similar irradiance using the different lasers, the main tendency is the 
formation of rounded shape particles as shown in figures 2 (a) and 2 (b). The morphology of this kind of 
nanoparticles and the presence of submicrometric spherical ones suggest they are formed from liquid phase. 
Probably the main formation mechanism of particles is melting and rapid condensation. The laser beam heats up a 
very thin layer of HA target until its melting point. The surrounding water is heated up until the same temperature as 
the melting point of the target is reached, which is much higher than the boiling temperature of water. Subsequently 
formation of bubbles takes place. The vapour expansion tends to split the drops while the surface tension tends to 
stabilize them. This formation is promoting by the rapid cooling of the surrounding water. 
 
 
Figure 3. Crystalline nanoparticles obtained by laser ablation of HA using a Nd:YAG laser and their corresponding Fast Fourier Transform 
(FFT). 
When a Nd:YAG pulsed laser is used with 3ms of pulse width and 8J pulse energy to give an irradiance on the 
target surface of 107 W/cm2 , reduced particles were obtained with rounded shape and diameters as small as 5 nm as 
shown in figure 3. As it can be observed from the HRTEM showing the lattice fringes, this kind of particles is 
crystalline. By measuring the interplanar distances and comparing them with those of the existing calcium 
phosphates, the results show that the majority of the particles present good agreement with HA and β-TCP as is 
listed in tables 2 and 3. Different mechanisms have been suggested as responsible of laser-induced particle size 
reduction in metals [14,15] but in our case the low diffusivity of the target and the high pulse energy promote the 
thermal confinement condition, where the energy is deposited on particles more rapidly than it can be delivered, 
leading to the overheating of the interaction zone. This effect can produce an explosive melting leading to the 
extract of crystalline nanoparticles. The presence of E-TCP is due to the high temperature promoted by the pulse 
duration and its high energy, which lead to the transformation of HA into E-TCP, as reported in other works when 
enamel is treated with laser [12,13]. 
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Table 2. The interplanar distances measured from the HRTEM of nanoparticles obtained by Nd:YAG laser ablation (irradiance: 107 W/cm2) 
compared with those of HA. 
Experimental (dhkl nm)  0,277 0,272 0,167 
HA (dhkl nm) JCPDS_ICDD(1993)  0,278 0,272 0,168 
 
 
Table 3. The interplanar distances measured from the HRTEM of nanoparticles obtained by Nd:YAG laser ablation (irradiance: 107 W/cm2 ) 
compared with those of E-TCP. 
Experimental (dhkl nm)  119 0,171 0,237 
E-TCP (dhkl nm) JCPDS_ICDD(1993)  121 0,170 0,238 
  
 
4. Conclusions 
In this work nanoparticles of HA and E-TCP have been obtained by the ablation of synthetic and bilogical 
hydroxyapatite targets submerged in de-ionized water using different laser sources. Moderate irradiances, about 106 
W/cm2 promote the formation of amorphous nanoparticles with occasional submicrometric ones with spherical 
shape. Irradiances with an order of magnitude higher lead to the formation of crystalline nanoparticles. The presence 
of the E-TCP is due to the transformation of HA into E-TCP caused by the high temperature reached on the target. 
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